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BSTRACT
ackground A growing interest exists in using glycemic
ndex and glycemic load as potentially important expo-
ures in investigations of risk for a variety of chronic
iseases.
bjective We added values for glycemic index and glycemic
oad to the nutrient database of a commonly used dietary
ssessment instrument, the Diet History Questionnaire
DHQ).
esign The nutrient database for the DHQ is based on
,200 individual foods reported by adults in the 1994-
996 US Department of Agriculture Continuing Survey of
ood Intakes by Individuals (CSFII). This list was con-
ensed into 225 nutritionally similar groupings of indi-
idual foods. Using published glycemic index values we
ssigned glycemic index values to each of the individual
SFII foods in these food groups. In cases where CSFII

oods did not correspond tightly to foods with published
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lycemic index values, we used decision criteria to assign
lycemic index values. We then calculated sex- and serv-
ng size-specific glycemic load for each of the 225 food
roups using the weighted mean method. Quality assess-
ents were made to help evaluate the success of this
ethod for assigning glycemic load values.

esults Seventy-one percent of the top carbohydrate-con-
ributing food groups had in excess of 90% of the CSFII
entions linked directly to a published glycemic index

alue (ie, no imputation was required), and 100% of these
ood groups had at least 50% of total mentions linked
irectly.
onclusions Using this method, it is now possible to use
HQ responses to assess the associations between re-
orted glycemic load and glycemic index and risk of many
hronic diseases in epidemiologic studies.
Am Diet Assoc. 2006;106:393-402.

he glycemic index, as developed in the early 1980s,
was a tool to improve the management of glycemic
control in patients with diabetes (1). The glycemic

ndex is a measure of the glycemic effect of the carbohy-
rate in a particular food compared with an equivalent
mount of carbohydrate in standard glucose or white
read (although the protein in foods also produces a gly-
emic effect, the acute response is much less than that
rom carbohydrate and for the purposes of overall dietary
ssessment, the focus of this article, it can be considered
egligible). Determining the glycemic index of a food in-
olves first feeding 50 g glucose to individual subjects and
lotting the subsequent glycemic response during the
ollowing 2 hours. Next, subjects consume the test food in
n amount that provides 50 g carbohydrate (for foods
ith low carbohydrate density, like vegetables, this can
e problematic), and investigators plot the glycemic re-
ponse to the test food. The glycemic index is the ratio
�100) of the area under the curve for the glycemic re-
ponse to the test food to the area under the curve for the
lycemic response to glucose. To combine the qualitative

nd quantitative measures of carbohydrate, Liu and col-
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eagues and Salmeron and colleagues (2-4) developed the
oncept of glycemic load. The glycemic load of a serving of
specific food is simply the product of its glycemic index

�100) and the grams of carbohydrate from a single serv-
ng of that food. Glycemic load can be thought of as an
ndicator for the gram equivalents of pure glucose, in
erms of glycemic response, delivered by a single serving
f a specific food. The glycemic load of the diet is simply
he sum of the glycemic loads for the total servings of all
arbohydrate-containing foods consumed on average per
ay.
A growing number of epidemiologic studies have inves-

igated glycemic index and glycemic load as potentially
mportant exposures in investigations of risk for a variety
f chronic diseases, including diabetes (3,4), cancer (1,5-
0), and cardiovascular disease (2), as well as for inter-
ediate markers of risk such as serum lipids (11-14),

lycated hemoglobin (12), and high-sensitivity C-reactive
rotein (15).
Despite this growing interest in glycemic index and

lycemic load as markers of risk factors for disease, the
ethods for assessing these exposures in an epidemio-

ogic context are neither well established nor consistently
pplied across studies. Epidemiologic studies of nutri-
ional exposures often rely on food frequency question-
aires (FFQs) to estimate usual dietary intake and use
lgorithms to convert reported frequency and portion size
rom these FFQs into estimates of nutrient intake. These
lgorithms assign nutrient values based on databases
eveloped from national food composition tables, but a
ajor complication in studying glycemic index and glyce-
ic load is the lack of any national food composition table

hat includes these variables. Thus, it is necessary for
nvestigators wishing to study glycemic load to add gly-
emic load values to their FFQ databases without benefit
f standard values compiled in a single food composition
able. We added glycemic load values to the National
ancer Institute (NCI) Diet History Questionnaire

DHQ) database, and in an effort to shine light on the
recise methods used for assigning these values and to
iscuss the complications and limitations associated with
oing so, we provide here a detailed description of the
ethod. It is our hope that providing this information,

nformation that can be adapted for use with other FFQs,
ill contribute to a standardization of methods for adding

Table 1. Example of a National Cancer Institute (NCI) Diet History Que
Intakes by Individuals (CSFII) foods but with only one item in the Gly

CSFII food group on NCI DHQ Foods from CSFII in the NCI

Oranges, tangerines, tangelos Orange, raw
Orange, mandarin, canned or f

unsweetened; sweetened, no
Orange, mandarin, canned or f
Orange, mandarin, canned or f
Tangelo, raw
Tangerine, raw
lycemic load values to FFQ databases and thus remove t

94 March 2006 Volume 106 Number 3
ome of the mystery surrounding how investigators ar-
ive at estimates of dietary glycemic index and average
aily glycemic load for subjects in large epidemiologic
tudies.

ETHODS
he NCI DHQ
he DHQ is a widely used FFQ developed by investiga-
ors at NCI. Its food list, portion sizes, and nutrient
atabase are based on responses from 10,019 adults aged
9 years and older who completed one or two 24-hour
ietary recalls administered as part of the US Depart-
ent of Agriculture’s (USDA’s) 1994-1996 Continuing
urvey of Food Intakes by Individuals (CSFII). On their
ietary recalls, these respondents listed a total of 5,261
istinct food items that NCI investigators subsequently
ategorized into 336 cognitively and nutritionally similar,
utually exclusive groups. These food groups contained

s few as one of the individual food items mentioned on
4-hour recalls by respondents to the CSFII to composites
f as many as 161 foods. As one example (Table 1), the
ood group “oranges, tangerines, and tangelos” represents
composite of six different foods mentioned at least once

n the CSFII (orange, raw; tangerine, raw [including
andarin orange, Satsuma]; oranges, mandarin, canned

r frozen, sweetener not specified; tangelo, raw; oranges,
andarin, canned or frozen, drained; oranges, mandarin,

anned or frozen, in light syrup). After evaluating these
roupings in terms of overall nutrient contribution and
ognitive clarity, 225 of these CSFII food groups were
dentified. We refer to these hereafter as DHQ food
roups. The 225 DHQ food groups form the basis of the
ine items in the DHQ instrument.

ompilation of Published Glycemic Index Values
s mentioned, no national food composition table con-

ains values for glycemic index. Lack of such a table
ecessitates the use of alternative sources for assigning
lycemic index values to food items in the DHQ database.
n 2002, Foster-Powell and colleagues (16) compiled a list
f all glycemic index values published between 1981 and
001. Also in their compilation, Foster-Powell and col-
eagues included unpublished data from Sydney Univer-
ity’s Glycemic Index Research Service and other labs

naire (DHQ) line item with links to multiple Continuing Survey of Food
c Index Table (16) linked to all CSFII foods

database
No. of times mentioned
by respondents to CSFII

941
, not specified as to sweetened or
cified as to type of sweetener

12

, in light syrup 2
, drained 9

10
81
stion
cemi

DHQ

rozen
t spe
rozen
rozen
hat were verified to meet strict standards of methodolog-
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cal rigor. The resulting list (hereinafter referred to as the
lycemic Index Table) included more than 1,300 separate
ublished (or quality-confirmed, unpublished) glycemic
ndex values corresponding to more than 750 individual
ood items. The foods were organized into 22 food groups:
akery Products, Beverages, Breads, Breakfast Cereals
nd Related Products, Breakfast Cereal Bars, Cereal
rains, Cookies, Crackers, Dairy Products and Alterna-

ives, Fruit and Fruit Products, Infant Formula and
eaning Foods, Legumes and Nuts, Meal-Replacement

roducts, Mixed Meals and Convenience Foods, Nutri-
ional-Support Products, Pasta and Noodles, Snack Foods
nd Confectionery, Sports Bars, Soups, Sugars and Sugar
lcohols, Vegetables, and Indigenous or Traditional
oods of Different Ethnic Groups. There were no glycemic

ndex values in the table for meat, poultry, fish, avocados,
alad vegetables, cheese, or eggs because these foods con-
ain little or no carbohydrate, making it very difficult for
person to consume a serving of any of them that con-

ained 25 to 50 g available carbohydrate (as would be
equired for a clinical determination of glycemic index).
his Glycemic Index Table was the source for the glyce-
ic index values we included in the DHQ database.

inking Published Glycemic Index Values to DHQ Food Groups
he first step in creating glycemic load values for inclu-
ion in the DHQ database was the linkage by a nutrition-
st of individual foods in the Glycemic Index Table to each
f the 4,220 individual CSFII foods that corresponded to
he 225 food groups comprising the line items in the
HQ. The method of linkage was by manual review of the
lycemic Index Table to identify those foods that, in the

udgment of the investigators, were the best matches for
ach of the CSFII foods. As this description suggests, the
riteria we used in linking foods from the Glycemic Index
able to CSFII foods were necessarily subjective. Unfor-
unately, there simply are no objective criteria for saying
hat food X is the best match for food Y with respect to
lycemic index. A nutrient comparison among foods
ould add little because it is not the amount of the

arbohydrate in a food that determines its glycemic in-
ex, but rather the quality of that carbohydrate in terms
f how quickly it is absorbed. To confirm the validity of
hese linkages, a second dietetics professional reviewed
hese initial matches to determine their appropriateness
nd to determine if further matches could be made. To
llow users to review the final linkages we made, the
HQ Web site (http://riskfactor.cancer.gov/tools/glycemic/)

ncludes a compilation of all the links from the Glycemic
ndex Table published by Foster-Powell and colleagues
16) to the CSFII foods.

In the case of foods with multiple entries in the
lycemic Index Table (ie, where multiple published
alues exist for a single food), we used the mean value
f the listed foods. For example, the Glycemic Index
able has six entries listed under the heading “oranges,
aw,” and we simply used the mean from each of these
ndependently published values (42.0) when linking
oranges, raw” to the CSFII foods. For foods with mul-
iple entries in the Glycemic Index Table but for which
ne or more of the listed foods (or its equivalent) was

ot typically consumed in the United States, the non- a
merican foods were excluded from the mean glycemic
ndex value.

The linkage process could in principle be completely
traightforward with each of the CSFII foods linked
irectly to a single, unique, and perfectly comparable
ood in the Glycemic Index Table. For some CSFII
oods, it was in fact very easy to find a Glycemic Index
able food that matched (eg, “Milk, cow’s, fluid, whole”

n the CSFII was matched to “Milk, full-fat” in the
lycemic Index Table). In practice, however, there
ere many examples where this was not the case. In

ituations where the links were not as clean as this
dealized scenario, we were forced to make judgments
bout the best linkages possible given the finite and not
ecessarily compatible list of foods in the Glycemic
ndex Table. To handle the more difficult cases we
mployed an algorithm for assigning glycemic index
alues (Figure). It is useful to note that we did not
roceed through all nine steps in the algorithm for a
ingle CSFII food and then move on to the next food.
nstead, we proceeded through Step 1 for all 4,220
SFII foods, and for those without a link after Step 1,
e moved on to Step 2, and for those without a link
fter Step 2 we proceeded to Step 3, and so on. A
escription of the various steps in this algorithm ap-
ears below:
Step 1. Determine if the CSFII food has a direct link to
food in the Glycemic Index Table. If yes, assign the

lycemic index value for the food in the Glycemic Index
able. If not:
Step 2. Determine if there is a closely related food in

he Glycemic Index Table. Foods that lacked a direct link
o a food in the Glycemic Index Table nonetheless were
ften nutritionally similar to foods that did have a listing
n the Glycemic Index Table. If, in the judgment of the
ietetics professionals making the glycemic index assign-
ents, the similarity was sufficiently close, we imputed

he glycemic index value of the related food in the Glyce-
ic Index Table for the glycemic index value of the CSFII

ood in question. If there was no closely related food in the
lycemic Index Table:
Step 3. Determine if the CSFII food is a vegetable.

egetables typically have very low carbohydrate density,
aking a clinical determination of their glycemic index

roblematic. In practical terms, the low carbohydrate
ensity makes it difficult for test subjects to consume
nough of most vegetables to account for 50 g carbohy-
rate. Thus, lacking specific, clinically determined glyce-
ic index values for most vegetables, we calculated a

imple mean of the glycemic index values for vegetables
hat were listed in the Glycemic Index Table and used
his as an imputed value for all other vegetables. Al-
hough this is a crude solution, the grams of carbohydrate
er serving for these vegetables is very low, meaning that
heir contribution to glycemic load (see below) is small,
nd therefore the error introduced by this imputation will
ave relatively minor consequences. (It is important to
ote that high carbohydrate vegetables such as potatoes
enerally have well-established glycemic index values
nd have listings in the Glycemic Index Table. We did not
nclude these starchy vegetables in the definition of “veg-
table” as applied in this step.) If the CSFII food was not

vegetable:
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Step 4. Determine if the CSFII food is a simple mixture
f foods in the Glycemic Index Table or if the CSFII food
s a mixed dish in the CSFII recipe file. In the case of a
imple mixture, we matched each component of the CSFII
ood to the appropriate Glycemic Index Table food. For
xample, “Peas and carrots, cooked, NS as to form, fat not
dded in cooking” in the CSFII was matched to both
Green peas” and “Carrots” in the Glycemic Index Table.

e calculated the glycemic index for this CSFII food to be
imply the mean of the glycemic indexes for “Green peas”
nd “Carrots.” For more complex mixed dishes that had
istings in the CSFII recipe file, we calculated a glycemic
ndex value using a mean of the glycemic index values for
he ingredients in that recipe weighted by their contribu-
ion to the total carbohydrate in the mixed dish (Table 2).
f the CSFII food was not a mixed dish:

Step 5. Determine if the CSFII food is in a DHQ food
roup that is in the top 90% of carbohydrate-contributing
ood groups to the diet as measured by the CSFII (see
able 3). For CSFII foods in DHQ food groups making a

igure. Nine-step Glycemic Index (GI) Table–Continuing Survey of Foo
o foods. DHQ�Diet History Questionnaire. CH2O�Carbohydrate.
inor contribution to the carbohydrate in the diet, we t

96 March 2006 Volume 106 Number 3
llowed for a less stringent method of glycemic index
ssignment (see Step 8), but for the major carbohydrate
ontributors we made extra effort to assign a more solid
lycemic index value:
Step 6. Determine if, among the foods in the DHQ food

roup containing the food we are trying to link, the most
requently mentioned foods, through at least 50 men-
ions, have links to the Glycemic Index Table. A mention
s defined as an eating occasion reported on the CSFII
4-hour recalls (in the example above for the DHQ food
roup “oranges, tangerines, and tangelos,” there were 941
entions in the CSFII 24-hour recalls of “oranges, raw”;

1 of “tangerine, raw (include mandarin orange, Sat-
uma)”; and 12 of “oranges, mandarin, canned or frozen,
weetener not specified”). If the top 50 mentions in the
HQ food group have a solid link to the Glycemic Index
able, we left the glycemic index value blank for foods
aking up a small proportion of the mentioned occur-

ences of consumption for CSFII foods in that DHQ food
roup. For example, in the DHQ food group “RTE (ready-

akes by Individuals (CSFII) linkage algorithm used to assign GI values
d Int
o-eat) cereal, highly fortified,” the least frequently men-
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ioned CSFII food, “King Vitaman,” (Quaker Oats Co,
hicago, IL) accounted for only two of the total 209 men-

ions for that food group, whereas the most frequently
entioned food, “Total,” (General Mills, Inc, Minneapolis,
N) accounted for 146 of those mentions (easily covering

he top 50 mentions all by itself). Lacking a Glycemic
ndex Table listing for King Vitaman, the glycemic index
alue for this CSFII food was left blank. Foods with a
lank value for glycemic index were excluded from the
lycemic load calculation for that DHQ food group (see
elow for a description of glycemic load calculation meth-
ds). If foods that contribute to the top 50 mentions for
he DHQ food group were not linked, then:

Step 7. Identify the closest possible link in the Glyce-
ic Index Table. Despite lacking a closely related food (as
ight have been identified in Step 2 above), there were
onetheless foods that had at least some nutritional sim-

larity to the CSFII food we were trying to link. In these
ases, we assigned the closest possible food in the Glyce-
ic Index Table. After linking all CSFII foods without a

losely related food in the Glycemic Index Table using
his method, we imputed these imperfect glycemic index
inks until we had accounted for the top 50% of the CSFII

entions for that food group.
Step 8. For CSFII foods that are not closely linked to a

ood (or foods, in the case of mixed dishes) in the Glycemic
ndex Table and that are not in a DHQ food group in the

Table 2. Calculating the glycemic index for a mixed dish in the Con

CSFII mixed dish

Foods from CSFII
recipe file for this
mixed dish

Beef stew with potatoes and vegetables
(including carrots, broccoli, and/or
dark-green leafy), tomato-based
sauce

Beef, chuck, arm p
roast, choice, sep
lean only, raw

Carrots, raw

Onions, raw

Peas, green, canne
regular pack, dra
solids

Tomatoes, red, ripe
canned, whole, r
pack

Potatoes, raw, flesh

Water, municipal
Salt, table
Wheat flour, white,

purpose, enriched
bleached

Calculated glycemic index (weighted
mean) for mixed dish: 64.1
op 90% of carbohydrate contributors, determine if its s
HQ food group has 0 g carbohydrate. For foods lacking
arbohydrate, impute a glycemic index value of zero. For
hose that do have carbohydrate:

Step 9. Impute a glycemic index value of 50. Rather
han undertake a more elaborate imputation process for
hese minor contributors to dietary carbohydrate, we sim-
ly imputed a medium glycemic index value of 50.

alculating Glycemic Load and Dietary Glycemic Index
aving linked glycemic index values to as many CSFII

oods as possible, we were then able to calculate glycemic
oad per serving by portion size and sex for each line item
n the DHQ. We began by calculating a glycemic load
alue for every mention of a CSFII food in the DHQ. This
alculation was simply the product of the available car-
ohydrate content (in grams) for each individual mention
f that food on any respondent’s 24-hour recall reported
n the CSFII and the glycemic index (�100) for the food
onsumed on that eating occasion (excluding eating occa-
ions that involved foods for which we had a missing
alue for glycemic index). This is equivalent to calculat-
ng a nutrient value for intake of any food reported on a
4-hour recall. Next, each mention was classified as being
f a small, medium, or large portion size based on cut-
oints determined from previous work for the DHQ da-
abase (17). These cutpoints defined medium portion

g Survey of Food Intakes by Individuals (CSFII) recipe file

Grams of carbohydrate
contributed by recipe
food to a single
serving of the mixed
dish

Links to recipe food from
Glycemic Index Table (with
linked glycemic index
value in bold)

le
0 Not applicable

14.6 Carrots; mean of 4 studies:
47

9.5 Vegetable, no food specified;
imputed mean: 32

14.3 Green peas; mean of 3
studies: 48

r
4.6 Tomato juice, canned, no

added sugar (Berri Ltd,
Berri, Australia): 38

43.9 Potato, boiled, no food
specified; imputed mean:
72

0 Not available
0 Not available

17.9 Baguette, white, plain
(France): 95
tinuin

in the

ot
arab

d,
ined

,
egula

all-
,

izes as between approximately the 25th and 75th per-
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Table 3. Top 90% of carbohydrate contributors among Diet History Questionnaire (DHQ) food groups with listing of carbohydrate content and
calculated glycemic load for a man’s medium serving of each food

DHQ food group
% of total
carbohydrate

Cumulative
% of total
carbohydrate

% of CSFII
mentions
linkeda

Grams of
carbohydrate
per man’s
medium serving

Glycemic load
per man’s
medium serving

Soft drinks, regular, caffeinated 8.96 8.96 91 40.0 23.1
Breads/rolls, white 7.37 16.32 99 23.5 15.8
Fruit drinks, regular 3.15 19.47 74 39.6 24.7
Bread/rolls whole grain 2.95 22.43 100 23.8 13.5
Orange/grapefruit juice, all 2.57 25.00 100 23.5 11.5
Potatoes, fried 2.56 27.56 97 33.4 23.0
Soft drinks, regular, decaf 2.50 30.05 71 38.6 24.2
Ready-to-eat cereal, good fiber 2.37 32.42 88 36.1 20.7
Ready-to-eat cereal, other 2.31 34.73 83 38.9 28.2
Cakes, regular 2.31 37.04 99 42.3 18.8
Rice/grains, no fat added 2.11 39.15 100 45.6 28.1
Cookies, brownies 1.98 41.12 83 22.4 11.6
Bananas 1.85 42.98 100 27.2 12.7
Pasta, no fat added 1.67 44.65 98 79.8 32.7
Potato/corn/other chips 1.66 46.31 100 18.0 9.5
Donuts, sweet rolls, Danish, pop tarts 1.65 47.96 100 34.5 22.6
Pizza, with meat 1.54 49.50 100 48.4 14.9
Ice cream, regular 1.52 51.02 83 31.1 18.3
Beer 1.38 52.40 100 18.2 6.3
Sugars/honey, all in coffee or tea 1.36 53.76 100 7.0 4.7
Crackers 1.31 55.07 96 16.6 11.0
English muffin/bagel 1.30 56.37 100 28.9 19.7
Candy, chocolate 1.16 57.53 69 23.8 9.7
Potatoes, white, no fat added 1.16 58.69 100 26.5 17.5
Other juice 1.08 59.77 91 31.1 13.1
Beans, fat added 1.02 60.79 96 27.7 7.1
Mexican mixtures, all 1.01 61.80 53 34.3 12.8
Chicken, mixtures 0.99 62.79 60 24.1 14.2
Apples 0.93 63.72 100 20.1 6.3
Macaroni and cheese 0.92 64.64 88 51.6 31.4
Pancake, waffle, French toast 0.90 65.53 100 36.4 24.0
Hot breakfast cereals, no fat added 0.88 66.42 100 30.8 16.3
Rice/grains, fat added 0.88 67.30 92 38.6 23.3
Milk, 2% not in coffee/tea 0.82 68.12 100 14.4 4.3
Beef stews/pot pies/mixtures 0.79 68.91 54 35.4 15.9
Biscuits, all 0.74 69.65 95 23.4 20.9
Cornbread/muffins 0.74 70.38 100 31.3 22.1
Pasta, meat/fish sauce 0.73 71.12 93 43.8 20.9
Pies, fruit 0.72 71.84 100 49.1 27.8
Maple syrup on pancakes, etc. 0.72 72.56 72 37.9 7.0
Pretzels, all 0.69 73.25 100 25.9 20.6
Pasta, fat added 0.66 73.91 99 68.9 27.6
Milk, whole not in coffee/tea 0.64 74.55 100 14.2 3.9
Milk, nonfat/skim not in coffee/tea 0.62 75.17 100 16.0 5.3
Candy, not chocolate 0.62 75.79 62 21.0 16.1
Jams, jelly, regular 0.60 76.39 100 10.2 5.1
Pizza, without meat 0.60 76.98 96 47.5 25.7
Soups, with vegetables 0.59 77.57 89 20.9 7.5
Lasagna, ravioli, shells, and so on 0.58 78.16 73 51.7 19.3
Popcorn 0.58 78.73 91 22.0 12.5
Frozen yogurt, ices, sorbet, and so on 0.57 79.30 89 26.4 14.8
Muffins/dessert breads, regular 0.56 79.87 100 30.2 16.5
Coffee, regular, no cream/sugar 0.54 80.40 100 2.0 1.0
Pasta, meatless red sauce 0.52 80.92 100 43.7 15.9
(continued)
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entile of total gram weight intakes (for men and women
ombined) for all foods contained within a DHQ food
roup. We then analyzed, by sex, all mentions making up
ach DHQ food group to assign glycemic load values to
ach of six categories: man small, man medium, man
arge, woman small, woman medium, and woman large.
his was done by calculating the mean of the glycemic

oads for the individual mentions contained within them.
hese glycemic load values can be used in the DHQ
atabase to calculate overall daily glycemic load based on
HQ reported frequency and portion size by sex across all

tems on the questionnaire.
It is important to note that because DHQ food groups

re typically made up of multiple CSFII foods, and be-
ause the people who eat large portion sizes may eat a
ifferent mix of those CSFII foods compared with those
ho eat small portion sizes, and because women may eat
different mix from men, no two sex- and portion size-

pecific categories within any DHQ food group will nec-
ssarily contain the same relative amounts of the differ-
nt CSFII foods.
An example of how this worked for a single food group

ollows: As described in Table 1, CSFII respondents re-
orted on the 24-hour recalls 1,055 eating occasions in
hich they consumed a food in the DHQ food group “or-

Table 3. Top 90% of carbohydrate contributors among Diet History
calculated glycemic load for a man’s medium serving of each food

DHQ food group
% of total
carbohydrate

Cum
% of
carb

Beans, no fat added 0.51 81.44
Ice cream/ice milk, low fat 0.50 81.94
Yogurt, all 0.49 82.42
Corn, no fat added 0.49 82.91
Soups, broth with noodles/rice 0.49 83.40
Sugars/honey, all not in coffee/tea 0.47 83.87
Cookies, brownies, low fat 0.43 84.29
Chili 0.39 84.68
Pies, cream/custard/other 0.39 85.07
Oranges, tangelo, and so on 0.39 85.45
Peaches/nectarines/plums 0.38 85.83
Fruit salads/other fruits 0.37 86.20
Misc. syrups, toppings 0.36 86.56
Puddings/custards 0.35 86.91
Milkshakes/sodas 0.34 87.25
Potato salads 0.34 87.58
Beef, ground, meatballs/loaf/mixtures 0.33 87.91
Milk, 2% in cereal 0.33 88.24
Stuffing/dumplings, all 0.30 88.54
Tomato catsup 0.30 88.83
Tomatoes, raw 0.29 89.13
Other melon 0.29 89.42
Fish fried, fat added 0.28 89.70
Grapes, all 0.27 89.97
Pasta salad 0.26 90.23

aIn all cases, for DHQ food groups in the top 90% of carbohydrate contributors, 100%
nges, tangerines, tangelos.” These 1,055 mentions of an c
ating occasion that included one of these foods are dis-
ributed among the six CSFII foods that comprise this
HQ food group. We calculated the glycemic load for each
ention by multiplying the grams of carbohydrate for

hat serving-size-specific mention and the glycemic index
or the CSFII food. For example, one of the 941 mentions
f “oranges, raw” was from a man who reported eating a
edium-sized orange. Using USDA data, a medium or-

nge provides 12.29 g available carbohydrate, so multi-
lying this value by 0.42 (the glycemic index for “oranges,
aw” divided by 100) we arrive at a value of 5.16 g for the
lycemic load of this mention. We repeated this process
or all of the remaining 1,054 mentions in this DHQ food
roup. Serving sizes had been previously determined for
he DHQ food group “oranges, tangerines, tangelos.” For
en, mentions with gram weights above 135 g (72nd

ercentile) were defined as large, and mentions with
ram weights below 95 g (20th percentile) were defined as
mall. In the case of the “oranges, tangerines, tangelos”
ood group, the cut points were the same for women and
en. For each sex-specific serving size category, we de-

ermined the mean glycemic load among all mentions in
hat category. For men, the mean of the glycemic load
alues for the 71 mentions of CSFII foods in the “oranges,
angerines, tangelos” food group in the small serving size

ionnaire (DHQ) food groups with listing of carbohydrate content and
nued)

e
l
rate

% of CSFII
mentions
linkeda

Grams of
carbohydrate
per man’s
medium serving

Glycemic load
per man’s
medium serving

99 27.2 6.9
71 35.2 15.6

100 29.6 8.6
100 23.8 10.3

86 15.9 6.7
100 6.5 4.4
96 26.1 14.3

100 28.0 7.0
100 49.8 28.4
100 14.6 4.9
100 13.9 5.4
82 12.5 5.7
79 34.3 7.8

100 38.5 17.6
94 73.6 33.5

100 30.7 18.3
55 13.4 4.8

100 9.2 2.7
78 28.0 20.4

100 4.7 1.7
100 2.1 0.6
99 14.1 9.2

100 12.9 11.9
100 18.4 8.0
63 33.8 14.9

top 50 mentions were linked. CSFII�Continuing Survey of Food Intakes by Individuals.
Quest
(conti

ulativ
tota

ohyd
ategory was 2.47. For the medium category it was 4.89,
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nd for the large category it was 8.50. Among women, the
ean glycemic load values for the mentions in the small,
edium, and large categories were 2.43, 4.80, and 8.00,

espectively. These values are the sex and serving-size
pecific glycemic load values that enter the final DHQ
atabase.
Although we do not list in this article each of the sex-

nd serving size-specific glycemic load values for each of
he DHQ food groups, these are posted on the DHQ Web
ite (http://riskfactor.cancer.gov/tools/glycemic/).
ethodological Note on Accounting for Dietary Fiber when Using

he USDA Nutrient Databases. In the USDA food composi-
ion tables used to compute nutrient values for CSFII,
he carbohydrate value includes both available (ie, di-
estible) carbohydrate and dietary fiber. Because gly-
emic load is meant as an indicator of the glycemic
ffect of food, and glycemic effect is inherently a func-
ion of the carbohydrate available for digestion and
bsorption, for the purposes of our glycemic load calcu-
ations, we defined carbohydrate to be the USDA-based
alue for grams of carbohydrate per serving minus the
SDA value for grams of dietary fiber per serving.
trictly speaking, available carbohydrate excludes not

ust dietary fiber but also resistant starch, but the
SDA tables include most resistant starch in their
efinition of fiber, so subtracting the USDA-based fiber
alue from total carbohydrate is a reasonable ap-
roach. Failure to remove fiber from the carbohydrate
alue used in these calculations would result in over-
stimation of the glycemic load from any food contain-
ng fiber or resistant starch.

uality Assessment
e used several diagnostic measures to assess the qual-

ty of the methods described above for adding glycemic
oad values to the DHQ nutrient database. To judge the
uality of the linkage process that assigned glycemic in-
ex values to each of the CSFII foods, first we determined
he proportion of CSFII foods that we linked at each stage
n the 10-step process described above. Although it is not
ossible to quantify, the glycemic index link procedures
ertainly have varying levels of quality associated with
he strength of the links we made at each step. In relative
erms, it is possible to say that Step 1 (direct link to a food
n the Glycemic Index Table) clearly had the highest
uality, Step 10 (arbitrary value of 50 imputed for foods
ith no links to the Glycemic Index Table and few men-

ions in a DHQ food group with low contribution to total
arbohydrate) was the least solid, and the other steps fell
n between. Next we determined what proportion of the
SFII mentions in each DHQ food group had links to

oods listed in the Glycemic Index Table. Finally, we
etermined, for each DHQ food group, what percent of the
op 50 CSFII mentions had links to foods in the Glycemic
ndex Table. For these analyses we focused on the top
0% of carbohydrate contributors among the DHQ food
roups based on cumulative sum of carbohydrate contrib-
ted by each food group.

ESULTS
n assessing the quality of the linkages from the DHQ

ood list to the foods contained in the table of published u

00 March 2006 Volume 106 Number 3
lycemic index values, we determined that the method
escribed above resulted in 40.2% of the total CSFII
entions (from 32.0% of CSFII foods) being linked di-

ectly to a Glycemic Index Table food (ie, they were linked
t Step 1 in the linkage algorithm). Continuing through
he algorithm, 19.8% of the mentions were linked at Step

(a closely related food in the Glycemic Index Table),
.1% at Step 3 (a vegetable), 4.4% at Step 4 (a food
ixture), 22.9% at Step 7 (the closest link possible for
SFII foods among the top 50 mentions in a DHQ food
roup contributing in the top 90% of carbohydrate), and
.6% at Step 8 (a food that has no carbohydrate).

Despite this growing interest in
glycemic index and glycemic load as
markers of risk factors for disease,

the methods for assessing these
exposures in an epidemiologic

context are neither well established
nor consistently applied across

studies.

When we concentrated on the DHQ food groups con-
ributing the top 90% of carbohydrate in the DHQ, the
roportion of CSFII foods with linkages at Step 1 in the
inkage algorithm was even higher, with 62.1% of these

entions linked directly to a food in the Glycemic Index
able. When looking from the perspective of single DHQ

ood groups (rather than from that of all the CSFII foods
n all food groups), 9.0% of the DHQ foods had 100% of
heir mentions linked directly (ie, at Step 1). More signif-
cantly, though, nearly half of the DHQ food groups in the
op 90% of carbohydrate contributors had 100% of their
entions linked (ie, did not rely on imputed values), and

1% of the top carbohydrate contributors had in excess of
0% of their mentions linked. Only 22.9% of the total
entions for these major contributors to total carbohy-

rate were linked at Step 6 or 7 (ie, at steps where the
uality was comparatively low). Finally, with the excep-
ion of beer (for which we used a single imputed value),
00% of the DHQ food groups contributing the top 90% of
arbohydrate had at least 50% of their total mentions
inked.

To focus on the most frequently mentioned foods within
hese top carbohydrate contributors, we ranked the
SFII foods with each DHQ food group based on the
umber of mentions each contributed to the total number
f mentions for that group. In this way we determined
hat 100% of the DHQ food groups that contributed the
op 90% of carbohydrate had links for 100% of their top 50
entions. This means that the most frequently consumed
SFII foods within any DHQ food group that was a sig-
ificant contributor of carbohydrate always had a high-
uality link to the Glycemic Index Table.

ISCUSSION
e have described a method for adding glycemic load val-
es to the nutrient database for a widely used FFQ, the

http://riskfactor.cancer.gov/tools/glycemic/
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HQ. Despite the lack of a national nutrient database with
lycemic index values, we were able to add glycemic load to
he DHQ database, and quality indicators suggest that we
ere successful in assigning high quality glycemic load val-
es for almost all DHQ line items with significant carbohy-
rate contribution to the diet.
Of course, we were not 100% successful in linking the

ighest quality values to all the CSFII foods that form the
asis of the DHQ nutrient database. Because it was neces-
ary to rely on a reference table containing 750 foods with
linically determined glycemic index values, it was simply
ot possible to link all 4,220 CSFII foods directly. Nonethe-

ess, for food groups that contributed significantly to the
arbohydrate in the DHQ, and for the foods that were most
requently consumed in these food groups, we were able to
ssign high quality linkages to the published glycemic index
alues.
This process of adding glycemic load values to the DHQ

utrient database was obviously not without error. The
rror could enter the database glycemic load values we
ssigned to DHQ food groups at three stages. The first
nd most relevant to the issues covered in this article is
he error in the linkages we made from the Glycemic
ndex Table to the CSFII foods. The nature of the link-
ges from the Glycemic Index Table to the CSFII foods,
owever, is qualitatively different from the linkages of
utrients in the USDA database. As described, with only
50 foods in the Glycemic Index Table and 4,220 foods in
he CSFII food list that applies to the DHQ food groups,
ome gaps were inevitable. Nonetheless, the quality as-
essments we performed indicate that the overall
trength of the linkages is quite high. Most of the gaps
ere for foods with little or no carbohydrate and would

hus have minimal influence on any dietary analyses of
lycemic load that used this database. For those foods
ontributing the top 90% of the carbohydrate in the DHQ,
lmost all had the great majority of their mentions linked
o the Glycemic Index Table, and all of the most fre-
uently consumed foods covered by all of these DHQ food
roups that were major carbohydrate contributors had a
ink to the Glycemic Index Table. Although there still
emain some gaps, and the closing of these gaps would
aturally improve the quality of the glycemic load values in
his database, the linkage methods we used were of suffi-
ient quality to give confidence to those who would use the
HQ as a dietary assessment instrument in analyses of
lycemic load.
The second source of error is in the overall calculation

f the glycemic load values for line items on the DHQ. The
rror we contend with in the actual calculation of the sex–
nd portion size–specific glycemic load values would be
o different from the error involved in the assignment of
ny nutrient value to the DHQ food groups using nutrient
alues (from the USDA database, for example) linked to
he CSFII foods. To the extent that the method of assign-
ng sex– and portion size–specific nutrient values is lim-
ted, so is the method of assigning glycemic load values.
et this method has performed well for other nutrients
nd has been shown to be superior to possible alternative
pproaches (17).
A third way in which error could enter the database

alues for glycemic load would be in the clinical determi-

ation of glycemic index values for the 750 foods listed in t
he Glycemic Index Table. All of the linkages we made
nd the glycemic load values we calculated naturally
epend on the glycemic index numbers presented in that
able. Foster-Powell and colleagues (16) discussed some
f the limitations associated with the laboratory methods
sed to arrive at glycemic index values for specific foods

n the introduction to their 2002 update of the interna-
ional table of glycemic index values, and others have
aised additional issues (18). Important considerations
elated to laboratory methods include the use of arterial
lood rather than venous blood for measuring glucose
esponse, the standardization of diet and lifestyle prac-
ices in subjects in the days leading up to the clinical test,
he use of diabetic vs healthy subjects (many of the early
tudies used diabetic subjects because the concept of gly-
emic index was originally intended for use in manage-
ent of diabetes), and the use of white bread, a food that
ay be variable itself in terms of glycemic index and

vailable carbohydrate per serving (although there is no
pecific evidence documenting this variability), instead of
lucose as the standard food in glycemic index tests.
learly, there are many complications of laboratory
ethodology that impinge on the reliability of the glyce-
ic index values we have available to us in the Glycemic

ndex Table. But these (or comparable) issues concerning
he reliability of laboratory methodology are common to
he measurement of all nutrient values that dietetics
rofessionals use in constructing their databases. Even
hough nutrients are measured in foods rather than in
erms of a specific biological response to a food, there will
lways be error associated with those measurements. We
ay observe greater variability in the glycemic index

alues from test to test than we do for nutrients, but
ncreased standardization and continued refinement of

ethods will help address this question. And mere vari-
bility in glycemic index values should not in and of itself
e an indication that they are somehow qualitatively
ifferent from standard nutrient values commonly used
n constructing nutrient databases, because there is con-
iderable variability in measured values for nutrients as
ell (19,20). Just as there are continuing efforts to en-
ance the quality of nutrient measurements for use in
utrient databases, so will there be for glycemic index
easurements, and as the measurements are refined,

atabases will be improved.

ONCLUSIONS
he methods described here represent an initial attempt
o add glycemic load values to the nutrient database for a
idely used FFQ, the DHQ (for more information about
se of this instrument, see the DHQ Web site: http://
iskfactor.cancer.gov/DHQ/). In the process of developing
he methods for doing so, we established a series of as-
umptions and created decision rules to direct the final
alculation of sex– and portion size–specific glycemic load
alues for the 225 DHQ food groups. To make clear how
e arrived at these values, we have published our meth-

ds in detail. With time and with consultation from oth-
rs working in the field, it will inevitably pass that we
ill adjust and refine these methods to improve the qual-

ty and utility of the glycemic load values in the database.
urthermore, glycemic load databases will improve as

he tables of published glycemic index values are updated
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ith new data using improved laboratory methodologies
or an even broader range of individual foods. Nonethe-
ess, the assessments we performed to evaluate the link-
ges of Glycemic Index Table foods to DHQ food groups
trongly suggest that the glycemic load values we as-
igned for this nutrient database are of good quality, and
s such, our method will make it possible to use the DHQ
n large epidemiologic studies of the glycemic effects of
ood on many chronic disease outcomes. We developed our
ethods to be generalizeable and therefore hope they will
ave broad application for investigators using other
FQs who wish to add glycemic load values to their
atabases.
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